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Programme 

Day/time Speaker Title 

AM Tuesday 13 Feb  
08:00:00 Registration desk open (S block foyer)    

08:45:00 Welcome & Introductions  
Session Chair Ro Allen 

09:00:00 John Zeldis Contrasting catchment loading and net ecosystem metabolism in four New Zealand bays: implications for coastal 
management 

09:15:00 Graham Rickard Biogeochemical ROMS modelling of NZ Shelves for Present Day and Future States 

09:30:00 Qingshan Luan Changes in phytoplankton community and particle size distribution during a mesocosm study on ocean acidification and 
warming – results from a FlowCam measurement 

09:45:00 Cliff Law Will ocean acidification and warming alter phytoplankton feedbacks to climate? 

10:00:00 Morgan Meyers Copepod grazing and selectivity on natural prey communities during a high-temperature, low-pH mesocosm experiment 

10:15:00 Miles Lamare The potential effects of ocean acidification on the settlement and metamorphosis of marine larvae: a review and with 
reference to CARIM experiments    

10:30:00 Morning Tea S block foyer    

 
Session Chair Emily Frost 

11:00:00 Anna Kluibenschedl New Zealand Crustose Coralline Algae Communities in a Future Ocean: Biological and Ecological Responses under 
Elevated pCO2 

11:15:00 Vonda Cummings Larval paua in a high CO2 world: does nature or nurture matter most? 

11:30:00 Nadjejda Espinel Effects of Ocean Acidification on the larval settlement of New Zealand Abalone (Haliotis iris) 

11:45:00 Jenn Jury The influence of genetics and elevated pCO2 upon acute thermotolerance of Green-lipped mussel Perna canaliculus spat 

12:00:00 Norman Ragg Prolonged exposure of adult mussels (Perna canaliculus) to elevated pCO2 influences offspring performance 

12:15:00 Zoe Hilton Bioenergetic impacts of exposure to chronic future acidification scenarios on adult Greenshell mussels, Perna canaliculus    

12:30:00 Lunch (on campus options see program guide) 
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Day/time Speaker Title 

PM Tuesday 13 Feb 
 

 
Session Chair Morgan Meyers 

13:30:00 Oliver Knebel Putting the Pacific Ocean to the Litmus test: Resolving a multi-millennial record of ocean pH from corals with the boron 
isotope proxy 

13:45:00 Helen Bostock Boron isotopes: a proxy for past pH changes in the ocean 

14:00:00 Jessica Wilks Diatom and coccolithophore assemblages from “time capsule” sediment trap records; distinctions north and south of 
Chatham Rise. 

14:15:00 Ro Allen Bacterioplankton resistance to acidification and warming in the oligotrophic ocean 

14:30:00 Kim Currie Drivers of pH Variability in New Zealand Coastal Regions 

14:45:00 Liz Sikes “Carbonate weather” in US. Atlantic Seaboard estuarine/coastal systems in a regime of carbonate climate change    

15:00:00 Afternoon Tea S Block foyer     

 
Session Chair Jessica Wilks 

15:30:00 Steph Mangan The cost of living in coastal environments: physiological responses of blue mussels (Mytilus edulis) to variable compared 
to static seawater pH 

15:45:00 Emily Frost Impact of long-term near-future ocean acidification on the physiology, molecular biology and buffering capacity of adult 
Evechinus chloroticus 

16:00:00 Craig Norrie Trace metal incorporation into bivalve shell in an acidified ocean 

16:15:00 Kay Vopel Effects of excess CO2 on benthic primary production and inorganic nitrogen fluxes in two coastal sediments 

16:30:00 Bonnie Laverock Microscale coastal sediment responses to ocean acidification 

16:45:00 Shelly Brandt The effects of ocean acidification on microbial nutrient cycling and productivity in coastal marine sediments    

   

18:00:00 Social function - Good George Bar, Corner of Grey and Cook Street, Hamilton East 
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Day/time Speaker Title 

AM Wednesday 14 Feburay 
 

08:00:00 Registration desk open (S block foyer)    

09:00:00 House keeping  
 Session Chair Shelly Brandt 

09:15:00 Linn Hoffmann Unwanted additional stressors in mesocosm experiments 

09:30:00 Abby Smith Effect of sample preparation and storage of biomineral carbonate on measurements of mineralogy and stable isotopes 

09:45:00 Wayne Dillon Development of an optical fibre based omega probe for calcium carbonate 

10:00:00 Christina McGraw Changing Ocean Biological Systems (COBS): How will biota respond to a changing ocean? 

10:15:00 Victoria Metcalf Telling the ocean acidification story    

10:30:00 Morning Tea S block foyer    

11:00:00 Science to policy keynote Jenn Philipps (Policy Advisor Ocean Protection Council)    

12:00:00 Lunch (on campus options see program guide)    

13:00:00 Jessie Turner via video link: From science to action- U.S. west coast sounding the alarm bells and building an international 
collaborative to address ocean acidification 

13:30:00 Lily Hurley via video link: A good kiwi isn’t acidic: How ocean acidification is affecting the New Zealand economy 

14:00:00 Meslissa Foley Identifying and accounting for local drivers of ocean acidification in coastal waters 

14:15:00 Open discussion topic TBA    

15:00:00 Afternoon Tea S Block foyer     

15:30:00 Open discussion topic TBA    

16:00:00 Workshop close 
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Organising Committee 

If you need help, please contact one of us! 

Conrad Pilditch Conrad.pilditch@waikato.ac.nz  027 645 1222 

Adam Hartland Adam.hartland@waikato.ac.nz 021 104 5067 

Charles Lee Charles.lee@waikato.ac.nz  

Craig Cary Craig.cary@waikato.ac.nz  

 

University of Waikato Campus Map 

 
S block highlighted in red. Eateries highlighted in yellow.  

For an online, interactive version: http://www.waikato.ac.nz/contacts/map/   

mailto:Conrad.pilditch@waikato.ac.nz
mailto:Adam.hartland@waikato.ac.nz
mailto:Charles.lee@waikato.ac.nz
mailto:Craig.cary@waikato.ac.nz
http://www.waikato.ac.nz/contacts/map/
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Venue 

Our venue is S Block, centrally located and easily accessible. Talks will be in S.1.04 and refreshments 

(morning/afternoon tea) served in the foyer.  

Wifi 

Wireless internet is available on campus via eduroam or for non-university types the "UOW Guest" 

wireless network. To authenticate a user’s device on the guest network please email 

conrad@waikato.ac.nz when prompted and we will authenticate as soon as possible.  

Campus life 

The University has a vibrant feel and is situated in a leafy parkland estate. Grab a spot of lunch at 

one of the eateries next to the lake, relax or take a stroll around our pleasant campus. Bongo Café 

(just down the hill from the S block lecture theatres) is a good option for sushi or pre-cooked rice 

dishes. Momento café next door offers coffee and more substantial fair. Other options are available 

around campus- please ask one of the organising committee for suggestions if these don’t tickle your 

fancy.  

 

 

 

 

 

 

Food outlets on campus 

Bongo Café: Bongo Café is situated in the campus shopping complex. They have a variety of food 

including a ‘select your own’ sushi bar. They are open throughout the year. 

Kahurangi Café: Situated in the Oranga building, offers a variety of café-style food and coffee. 

Momento Café and Bar: Momento is situated in three locations on the campus: School of 

Management, Student Centre and in the campus shopping complex. They sell coffee and café-style 

food and are open throughout the year. 

Namaaste Kitchen: Namaaste Kitchen is situated in the Student Union Building. They offer a range of 

Indian food. 

Opus Café and Bar: Opus Café and Bar is located in the Gallagher Academy of Performing Arts and 

offers café-style food and beverages. 

Pita Pit: Pita Pit is situated on the ground level of the Student Centre and offer a range of pitas, 

salads, juices and salads. They are open throughout the year.  



The 11th New Zealand Ocean Acidification Workshop 13-14th February 2018 

7 
 

Scientific Programme of Talks 

Abstracts in alphabetical order of presenting author 

 
Bacterioplankton resistance to acidification and warming in the oligotrophic ocean 

Ro Allen1, Francie Rudminat1, Cliff Law2, Linn Hoffmann1, Tina Summerfield1 
1Department of Botany, University of Otago, Dunedin, New Zealand. 
2Ocean-Atmosphere Programme, National Institute of Water and Atmospheric Research (NIWA), 

Kilbirnie, Wellington, New Zealand. 

 

The South Pacific Gyre (SPG) is oligotrophic, and possesses the lowest oceanic chlorophyll-a 

concentrations recorded globally. Low nutrient concentrations in the SPG are primarily attributed to 

limited iron availability and a deep nutricline. Despite low productivity, the SPG contributes 

significantly to marine carbon cycling due to its vast volume. Bacterioplankton play a key role in the 

SPG, as cyanobacteria dominate primary production, whilst nutrient availability and carbon export 

are controlled by the recycling efficiency of heterotrophic bacteria. Rising atmospheric CO2 

concentrations are warming and acidifying the SPG, but few data are available on the responses of 

bacterioplankton to these environmental shifts. During the New Zealand GEOTRACES voyage to the 

SPG in austral winter of 2011, two trace-metal clean incubation experiments (GOA1 and GOA3) were 

performed aboard the RV Tangaroa to investigate the effect of ocean acidification and warming on 

bacterioplankton community structure and function. Bacterioplankton communities sampled from a 

depth of 25-30m were incubated for five days under either control (GOA1: pH 8.097 (±0.015), 

18.1°C, GOA3: 8.12 (±0.006), 19.1°C), acidified (GOA1: pH 7.895 (±0.005), 18.1°C, GOA3: 7.877 

(±0.009), 19.1°C), or greenhouse (GOA1: pH 7.864 (±0.007), 21.1°C, GOA3: pH 7.856 (±0.006), 

22.1°C,) treatments. High-throughput amplicon sequencing and flow cytometry data revealed 

minimal shifts in bacterioplankton community composition and abundance between treatments. 

These data suggest that future high CO2 conditions may have limited effects on oligotrophic ocean 

bacterioplankton community structure and function, with implications for regional productivity and 

carbon cycling. 
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Boron isotopes: a proxy for past pH changes in the ocean 

Helen Bostock1, Michael Henehan2, Rachael Shuttleworth3, Gavin Foster3 
1National Institute of Water and Atmospheric Research, Wellington, New Zealand 
2Helmholtz Centre, Potsdam GFZ, Germany 
3National Oceanographic Centre, University of Southampton, UK.  

 
Boron has two isotopes 10B and 11B. It is present in seawater in two forms: boric acid and borate ion. 
The relative abundance of these two compounds is dependent on pH. Boric acid is consistently 
enriched in 11B relative to borate ion. The relative abundance of these compounds and their isotopic 
composition varies predictably with pH. Only borate is incorporated into carbonates, thus we can 
measure boron isotopes in carbonate fossils to calculate pH in the past oceans.  

We have been undertaking a series of studies to analyse boron isotopes in the carbonate tests of 

different planktonic foraminifera species from core tops and plankton tows around New Zealand 

(and comparing them with samples from around the world) in order to develop δ11B-pH calibrations 

for different species. These include the tropical-subtropical species Globigerinoides ruber and the 

more widely distributed temperate Globigerina bulloides. We found that the slope and intercept of a 

calibration line is largely dependent on whether the species has photosymbionts or is symbiont-free. 

The next phase is to measure the δ11B from a transect of cores around New Zealand to look at pH 

changes between the last glacial maximum (~20,000 years ago) and Holocene/Pre-Industrial. The 

changes in past pH will be compared with other information, such as atmospheric CO2 (from ice 

cores), sea surface temperatures, dust flux and productivity, to look at the flux of CO2 between the 

oceans and the atmosphere, and elucidate some of the enigmatic mechanisms of the carbon cycle 

over glacial/interglacial cycles.   
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The effects of ocean acidification on microbial nutrient cycling and productivity in coastal marine 
sediments 

Shelly Brandt1, Charles K. Lee1, Kay Vopel2, Bonnie Laverock2, Conrad Pilditch1, S. Craig Cary11School of 
Science, Thermophile Research Unit, University of Waikato 
2Insitute of Applied Ecology, Auckland University of Technology 

 
The chemical process of ocean acidification is thoroughly defined and increasingly well documented 
in current field data. The absorption of atmospheric CO2 is anticipated to have a significant impact on 
coastal and estuarine systems on both regional and global scales. These systems are paramount 
when it comes to the primary productivity of the ecosystem. Previous studies surrounding marine 
biogeochemistry have demonstrated that pH is a, if not the critical environmental parameter 
governing microbial community composition, structure and function. Microorganisms are the key 
component for all marine biogeochemical cycles associated with nutrient cycling, decomposition of 
organic matter and carbon flow within the system and are responsible for the greater net 
productivity of the ocean. Currently, there have been no ocean acidification studies that have 
directly assessed the deleterious effects of increased CO2 and reduced pH in depth on microbial 
communities in coastal sediments. This highlights a significant gap in knowledge for understanding 
microbial resilience and function. This study aims to provide a first look at how microbial 
communities will respond to inevitable environmental perturbations. The experiment was 
conducted in situ using a specially designed mesocosm system. Parameters for pH were based on 
current IPCC projections. Microbial communities were characterised using 16S rRNA gene PCR 
amplicon sequencing to assess changes in microbial community composition. Preliminary pipeline 
results indicate no significant changes occurring at the phylum, family, or genus level. Further 
analysis demonstrates compositional changes at the OTU level. A potential indication of microbial 
resilience. Future directions involve metagenomic and metatranscriptomic analyses.    

 

Larval paua in a high CO2 world: does nature or nurture matter most? 

 
Vonda Cummings1, Jane Halliday, Graeme Moss1 and Neill Barr1 
1National Institute of Water and Atmospheric Research, Wellington, New Zealand 
 
Different life stages of molluscs are known to be differentially affected by ocean acidification, with 
larval stages particularly susceptible, due in part to the influence of seawater pH on the 
development of their shells, and adults less so. In this multifaceted experiment, we expose adult 
paua (Haliotis iris) to a range of pH levels predicted to occur over the next century (8.05, 7.75, 7.65), 
and assess the impact on their spawning success after 4 and 16 months at these pH levels. At each 
time point, we also assess success of fertilisation and larval development at all three pH levels (8.05, 
7.75, 7.65). Our overall aim is to determine whether larvae produced by parents previously exposed 
to lower pH seawater are more resilient to future pH conditions.  We have used multiple variables to 
understand responses, from physical measurements of adult and larval shells to functional 
genomics. This talk will present results of the 4 month time point spawning and larval development, 
and the assessment of the adult condition at the 16 month time point.  Paua are one of the three 
focus species of the Coastal Acidification: Rates Impact and Management (CARIM) project, and this 
work is conducted as part of Research Aim 4: Acclimation potential and life-history bottlenecks for 
iconic NZ species. 
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Drivers of pH Variability in New Zealand Coastal Regions  
1Kim Currie and 1Judith Murdoch 
NIWA / UoO Research Centre for Oceanography, Dunedin, New Zealand 
The pH of the coastal waters around New Zealand varies on different spatial and temporal scales due 
to different drivers in different locations.  Fourteen New Zealand Ocean Acidification Observing 
Network (NZOA-ON) sites have been operational for three years, in conjunction with sampling 
partners from Regional Councils, Research Institutes, DoC and the aquaculture and fishing 
industries.  The carbonate chemistry, including pH and calcium carbonate saturation, varies from site 
to site, the temporal variability at some sites is dominated by temperature variability, some by fresh 
water input, some by terrestrial and urban inputs, and others by biological influences.  We will 
present the NZOA-ON data, describe how to access the data, and illustrate how the pH variability 
can be attributed to the different drivers. 
 
 
Development of an optical fibre based omega probe for calcium carbonate 

 
Wayne Dillona, Peter Dillinghamb, Cliff Lawa,c, Christina McGrawa 
a Department of Chemistry, University of Otago, Dunedin, New Zealand 
b Department of Mathematics and Statistics, University of Otago, Dunedin, New Zealand 
c NIWA, Wellington 

 
New Zealand’s coastal calcifying organisms are vulnerable to fluctuations in the carbonate system 
resulting from both natural cycles and anthropogenic inputs. Current methods to study and monitor 
calcium carbonate dissolution promoting events are constrained by the requirement of laboratory 
based analyses. Here, we introduce the first sensor to directly and passively detect these conditions 
in real time. Laboratory experiments have shown that the sensor can detect the saturation transition 
(the point at which Ω transitions from > 1 to < 1) in a range of samples designed to mimic the 
variable conditions (temperature, salinity, and pressure) expected in coastal systems. Additionally, 
we can use the rate of dissolution to provide an estimate of Ω at values < 1. Field validation will be 
carried out at the Sanford EcoFarm mussel aquaculture site (Yncyca Bay, Marlborough Sounds) in 
early 2018 in collaboration with the Sustainable Seas project. 
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Effects of Ocean Acidification on the larval settlement of New Zealand Abalone (Haliotis iris) 

 
Nadjejda Espinel1, Anna Kluibenschedl1, Vonda Cummings2, Graeme Moss2 and Miles Lamare1 
1 Department of Marine Science, University of Otago, Dunedin, New Zealand 
2 National Institute of Water and Atmospheric Research, Wellington, New Zealand 

 
Ocean Acidification (OA) is especially harmful to calcifying marine invertebrates, including molluscs 
such as the New Zealand Abalone (Haliotis iris) or Paua, being their early-life stages particularly 
sensitive to it. Paua is a key New Zealand coastal species with cultural and economical importance. 
Their non-feeding larval phase settles and metamorphoses in the presence of Crustose Coralline Algae 
(CCA). Currently, very little is known about the potential effects that OA might have on the settlement 
phase of the species. We performed an experiment with Paua larvae as part of the CARIM project, 
which aims at understanding the impacts and implications of future predicted OA levels in 
commercially important New Zealand species such as the New Zealand Abalone. In this choice 
experiment, we assessed the effects of reduced seawater pH on the settlement process of Paua larvae. 
After fertilisation, larvae were reared in seawater at either ambient pH (8.1) or low pH (7.65). At the 
end of their larval life, the larvae from each treatment were left to settle in the presence of two tiles 
covered in CCA. The tiles used for settlement had been conditioned for six months prior to the 
experiment at either ambient pH (8.1) or low pH (7.65). The results of this research will enable an 
evaluation of the potential mechanisms through which OA might influence the larval settlement of 
Paua, whether is it directly (by altering the larval physiology or behaviour), indirectly (by altering the 
settlement substrate) or through carry-over effects (altering larval fitness at time of settlement).  
 

 

Identifying and accounting for local drivers of ocean acidification in coastal waters 
 
Melissa M Foley1 
1Research and Evaluation Unit, Auckland Council 
 

Coastal ecosystems support highly diverse habitats and species that have social, cultural, economic, 

and ecological significance. The structure and functioning of these ecosystems, however, are highly 

sensitive to climate change, including ocean acidification (OA). An increasing number of ocean 

acidification hotspots in coastal areas suggest that other drivers—in addition to greenhouse gas 

emissions—are responsible for decreasing pH. Local non-atmospheric drivers identified to date 

include nutrient and sediment runoff, river inputs, and NOx and SOx emissions. These local drivers can 

interact with regional phenomena, such as upwelling and spawning events, increasing their effect on 

coastal ecosystems. While these additional local drivers increase the complexity of addressing ocean 

acidification, they also provide opportunities for local, regional, and national governments to take 

action. In many cases, existing laws and mandates could reduce the impacts of these local drivers 

without having to draft new legislation. In many cases, using these legal frameworks to address 

ocean acidification will also improve upstream water quality, doubly benefiting local communities. In 

New Zealand, the limit-setting process for the National Policy Statement for Freshwater 

Management is a timely opportunity to incorporate coastal OA in the decision-making process. 

Identifying and implementing local solutions to OA will be instrumental in protecting New Zealand’s 

coastal ecosystems for future generations. 
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Impact of long-term near-future ocean acidification on the physiology, molecular biology and 
buffering capacity of adult Evechinus chloroticus.  
 
Emily Joy Frost and Mary A. Sewell 
School of Biological Sciences, University of Auckland 

 
How marine organisms respond to changes in pH and pCO2 is multifaceted, and can depend on 
environmental history, nutritional status and life-history. There are two buffering systems, 
bicarbonate and non-bicarbonate that animals, including adult marine invertebrates, can employ to 
compensate changes in pCO2 and pH. We aimed to assess how adult E. chloroticus respond to long-
term (10-months) pCO2 exposure. In particular, we focused on two major organs, the oesophagus 
and gonads. We determined the impact of exposure on urchin morphometrics, feeding rate, energy 
assimilation, the concentration of gonadal and oesophageal protein, lipids and transcript abundance 
of major ion-transporters, oesophageal bicarbonate and non-bicarbonate buffering capacity and 
total histidine concentration. The results suggest that exposure of adult E. chloroticus to two levels 
of elevated pCO2 (1080 µatm, 1609 µatm) elicited two different mechanisms to buffer pH. In urchins 
maintained at 1080 µatm pCO2, the mechanism of pH buffering employed in the oesophagus was 
dominated by non-bicarbonate buffers. The concentration of protein and total histidine was 
elevated which mirrored significantly elevated structural lipid concentration and the upregulation of 
active ion transporters. Conversely, in high pCO2 urchins, buffering was dominated by bicarbonate 
buffering, with significant reductions in structural lipid concentration and the lack of Na+/H+-
exchanger and Na+/K+-ATPase upregulation. Moreover, the results suggest that Cl-/ HCO3

- exchangers 
in the cell membrane may facilitate the transport of increased HCO3

- to buffer cellular acidosis.  
 

 

Bioenergetic impacts of exposure to chronic future acidification scenarios on adult Greenshell 
mussels, Perna canaliculus. 
 
Zoë Hilton1, Norman L C Ragg1, Natalí Delorme1, Joanna Copedo1 
1Cawthron Institute, PO Box 2, Nelson, New Zealand.  

 
As part of the New Zealand CARIM (Coastal Acidification: Rate, Impacts and Management) 
programme, we exposed adult Greenshell mussels (Perna canaliculus) to chronic acidification 
scenarios based on present day and 2100 IPCC prediction levels, to investigate whether there are 
significant metabolic costs associated with homeostasis at these CO2 levels, and whether such long-
term acclimation has significant impacts on the performance (under acidified conditions) of larvae 
produced from these broodstock after short (4 month) and long-term (1 year) acclimation. 

 
Adult P. canaliculus were held in flow-through seawater in 200 L tanks and fed a mixture of naturally 
occurring phytoplankton enriched with monocultured microalgae (Tisochrysis lutea) for 1 year under 
three CO2 scenarios: present day (400 ppm), year 2100 conservative estimate (850 ppm) and year 
2100 high estimate (1100 ppm) CO2 levels.   After one year of exposure to these treatments, adults 
were placed into respirometry chambers and acclimated for one day (under the same food, water 
temperature and CO2 levels as previously). After chamber acclimation, their feeding rates, routine 
metabolic rates, defecation rates, absorption efficiency and size were measured, allowing calculation 
of scope for growth energy budgets under the three scenarios.  

 
Results of the adult energetics work will be presented. Results of fecundity and larval survival and 
growth from these broodstock will be presented separately.  
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Unwanted additional stressors in mesocosm experiments 

 

Linn Hoffmann1, , Kathin Wuttig2, Mirja Dunker3, Dörte Nitschkowski4, Mark Hopwood3, Julian Gallego-
Urrea5 
1University of Otago, New Zealand 
2Universitz of Tasmania, Australia 
3GEOMAR Helmholtz Centre for Ocean Research, Germany 
4Leibniz Research Center Borstel, Germany 
5University of Gothenburg, Sweden 
 
In order to assess the impact of ocean acidification alone or in combination with other stressors on 
marine ecosystems, it is essential to perform large scale incubations. Mesocosms are used by 
numerous workgroups around the world to investigate the effects of changes in seawater carbonate 
chemistry, dissolved organic carbon and nutrient supply, temperature and/or grazing pressure on 
marine ecosystems. While our technical abilities to manipulate and control the chemical and 
physical parameters in mesocosm experiments is constantly improving, there is still a risk for 
unwanted and unnoticed changes in seawater chemistry. We have measured H2O2 and iron (Fe) 
concentrations during several mesocosm experiments that varied in size, experimental set up, 
combination of stressors, and region. In all of them we found that H2O2 and Fe concentrations 
deviated considerably from the ambient seawater. The failure to maintain H2O2 and Fe 
concentrations relevant to the natural environment might serve as additional stressors on the study 
organisms and might impact the experimental results. 
 

 

A Good Kiwi Isn’t Acidic: How Ocean Acidification is Affecting the New Zealand Economy 
 
Lily Hurley 
Fordham University, New York 
 
In a country that houses a mere 4 million people, it is no wonder that agriculture has become the 
main facet of New Zealand’s economy. However, while the sheep and produce have flourished from 
land protection laws, marine life has struggled in recent years due to an increase in oceanic carbon 
levels. In an area of the Pacific that is so rich in coral reefs, Great White breeding areas, and a 
plethora of fish species, any upset of the natural preexisting chemical balance has a tangible impact. 
With its proximity to factory-laden Asian countries, New Zealand is dealing with a crisis that the 
nation had a minute role in creating. I studied the exact adverse effects that ocean acidification has 
had on the economy of New Zealand. The scientific process of how ocean acidification occurs is a 
building block of this understanding as well as the Gross Domestic Product (GDP) of the country. The 
decline of marine pH levels is inextricably linked to the downturn of prosperity in New Zealand’s 
agricultural sector. My solutions address stricter policies in regards to pollutants generated from 
Asian factories to augment the goals set in Paris in 2015 as well as better regulation of established 
New Zealand commercial fishing laws. In this thesis, my goal was to highlight that ocean acidification 
is a climate problem that affects the entire New Zealand population. By putting these effects into 
economic terms, I hope to urge change in the “business as usual” way countries conduct themselves, 
starting with policymakers whose main focus is growing their GDP.  In order to illustrate this point 
effectively, I utilize the disciplines of chemistry, economics, and politics to analyze the trends and 
consequences of ocean acidification. 
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The influence of genetics and elevated pCO2 upon acute thermotolerance of Green-lipped mussel 
Perna canaliculus spat. 
Jennifer Jury1, Mary A. Sewell1, Brendon Dunphy1, Norman Ragg2 
1School of Biological Sciences, University of Auckland, Auckland 
2Cawthron Institute, Nelson 
 

Whilst recognised as important, multi-stressor investigations of ocean acidification effects tend not 

to be undertaken due to logistics and cost. To address this, my research took advantage of animals 

produced to achieve CARIM’s Research Aim 5.1, where 10 mussel families were spawned and 

offspring raised in control or treatment seawater (pH 8.1 and pH 7.6, respectively) for 14 weeks. 

With an interest in the combined effects of OA and thermal stressors, an acute thermal challenge 

experiment was conducted to determine the temperature at which 50% mortality (LT50) would occur 

for three month-old P. canaliculus spat from treatment vs control seawater and from the differing 

mussel families.  Spat were placed in scintillation vials filled with seawater maintained at constant 

temperature ranging from 22.2 – 48.3 °C in a sand bath for a three hour exposure time.  After a 24 

hour recovery period, spat mortality was recorded from each vial. Results show spat raised in low pH 

water had a lower threshold to high temperature seawater, with an LT50 of 30.05°C compared to an 

LT50 of 30.64°C for spat raised in control seawater.  A significant family effect was also evident, with 

predicted LT50 values ranging from 30.46°C (family J) to 32.23°C (family H). This research suggests P. 

canaliculus spat have reduced tolerance to the multi-stressor effects of OA and high seawater 

temperature. Family differences should be investigated in more detail, as this work could uncover 

genetic mechanisms of resilience and susceptibility to thermal and OA stress. 

 

 

 

New Zealand Crustose Coralline Algae Communities in a Future Ocean: Biological and Ecological 

Responses under Elevated pCO2 

 
Anna Kluibenschedl1, Chris Hepburn1, Miles Lamare1, Wendy Nelson2,3 
1Department of Marine Science, University of Otago  
2Faculty of Sciences, University of Auckland 
3NIWA, National Institute of Water and Atmospheric Research 

 
Crustose Coralline Algae (CCA) are ubiquitous in coastal benthic marine communities and provide a 
range of key ecosystem services. CCA act as framework builder, provide habitat and protection for 
associated organisms and induce larval settlement and survival. New Zealand has a particularly rich 
diversity of CCA and detrimental impacts of climate change on CCA will be especially important to 
the future functioning of NZ coastal ecosystems. Not only are CCA key components in coastal 
environments, but they were also found to be among the most susceptible of all calcifying organisms 
to OA. While some contrasting results on the effects of increased pCO2 have been observed, overall 
negative responses on growth and/or calcification of coralline algae have been reported.  
In this talk I will give an overview of the current research efforts that have been undertaken to 
understand the effects of OA on CCA in different environments. I will also share first results from a 
CARIM supported laboratory experiment on early successional CCA communities. The communities 
developed in the field for 9 months on an artificial substrate and were incubated for 167 days in a 
flow through system at ambient (pH 8.00) and low pH (pH 7.65) to explore the effects of increased 
pCO2 on growth, respiration and photosynthesis of the CCA. 
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Putting the Pacific Ocean to the Litmus test: Resolving a multi-millennial record of ocean pH from 
corals with the boron isotope proxy 
 
Oliver Knebel, Carlos Carvajal, Emma Ryan, Paul Kench 
University of Auckland 

 
Ocean acidification poses a threat to marine systems as the reduced seawater pH and saturation 
state of carbonate minerals will impact the ability of organisms to calcify. Instrumental records of 
ocean pH only exist for the past three decades. Using geochemical proxies, extended ocean pH 
records have been compiled covering primarily the industrial era since 300 years BP or revealed pH 
changes at geological timescales. A deeper contextual understanding of the recent rate of change in 
ocean pH is hindered by limited pH data from the pre-industrial era and the poor spatial coverage of 
existing pH records. 
Corals retain information on past environmental conditions in the chemistry of their aragonite 
skeletons. Notably, the boron isotope composition (δ11B) of marine carbonates has shown significant 
promise as a proxy for seawater pH. 
In this study temporal and spatial variations of Pacific Ocean pH are reconstructed from coral δ11B 

records. The successful application of the δ11B proxy requires its calibration against the physiology 

and ambient environment of the corals. Thereafter, coral δ11B records of the industrial era from 

various locations in the Pacific are analysed to study spatial ocean pH variability. Finally, a 3000 years 

δ11B chronology from the Central Pacific allows to reconstruct temporal ocean pH variations during 

the pre-industrial era, bridging the gap between instrumental and geological data. 

 
 

The potential effects of ocean acidification on the settlement and metamorphosis of marine 

larvae: a review and with reference to CARIM experiments  

 
Nadjejda Espinel1, Sam Dupont2, Sven Uthicke4, Maria Byrne5, Antonio Agüera3, Linn Hofmann6, Miles 
Lamare1 
1Department of Marine Science, University of Otago, Dunedin, New Zealand  
2Department of Biological & Environmental Sciences, University of Gothenburg, Sweden 
3Marine Biology Laboratory, Université Libre de Bruxelles, Belgium 
4Australian Institute of Marine Science, Townsville, Australia 
5University of Sydney 
6Department of Botany, University of Otago, Dunedin, New Zealand 

 
Most (80 to 90%) marine species have planktonic development of a free-living larval stage.  At the 
end of their planktonic life, the competent larvae of benthic species are required to attach to the 
substrate (settle) and metamorphose. Little is known, however, about the effects of acidification and 
warming on the settlement process, and the degree to which the effects of environmental change 
on larval development might affect their settlement behaviour and success.  This is important, as 
altered settlement rates could shape the future distributions, abundances and ecology of marine 
benthic communities.  In addition, changes in settlement may impact the aquaculture of species that 
rely on a supply of juveniles for on-growing.  Despite settlement being a key life-history process for 
marine species, there are surprising few studies that directly examine the effects of environmental 
change on the settlement.  Here, we review the present understanding of the effects of ocean 
acidification and warming on the settlement processes in marine species. We specifically refer to our 
CARIM experiments on settlement of New Zealand species to reduced pH, including changes in 
biofilms, CCA and Paua settlement. 
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Microscale coastal sediment responses to ocean acidification 

 
Bonnie Laverock1, Kay Vopel1, Conrad Pilditch2, Shelly Brandt2, Adam Hartland2, Charles Lee2, Craig 
Cary2 
1Insitute of Applied Ecology, Auckland University of Technology 
2School of Science, Thermophile Research Unit, University of Waikato                                           
 

Microbial processes occurring within the top few millimetres of sediment drive the functioning of 

coastal marine ecosystems. For example, cycling of the nutrients nitrogen and phosphorus is coupled 

between the sediment and the overlying seawater, underpinning primary production and trophic 

interactions. This coupling, however, is perturbed by the ocean’s increasing absorption of 

anthropogenic CO2, a process that alters seawater carbonate chemistry (ocean acidification, OA). 

Despite the far-reaching consequences of such perturbations, we still know very little about the 

biogeochemical mechanisms underlying the sediment’s response to OA. Understanding these 

mechanisms is complicated by the small spatial scale at which various microbial processes in the 

sediment interact, and the complex interactions between microorganisms, sediment-inhabiting 

fauna, and microalgae. Tackling such challenges therefore requires an approach that can resolve 

complex biological interactions at the microscale, and link cellular response with ecosystem 

function. Here, we will introduce a new project (Acidification Responses of Marine Sediments, 

ARMS) that uses such an approach in a series of increasingly inclusive and complex experiments. 

Combining microscale measurements of the porewater chemical environment with molecular 

analyses of microbial community structure and activity, we are able to interpret alterations to 

microbial metabolic processes at each successive level of environmental complexity. We can then 

scale these observations to ecosystem level by linking changes in the sediment–seawater flux of, 

e.g., inorganic nitrogen with microbial processes, such as nitrification and denitrification. Our 

approach provides a powerful tool for understanding the functional response of coastal marine 

ecosystems to global environmental change. 
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Will ocean acidification and warming alter phytoplankton feedbacks to climate?  

 
C. S. Law1,2, Q. Luan3, A. Marriner1, J. Velarde1, A. Saint-Macary1,2, M. Gall1, N. Barr1, L. Northcote1 
1 NIWA Wellington, Wellington, NZ 
2 Department of Chemistry, University of Otago, Dunedin, NZ 
3Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, China 

 

Phytoplankton influence climate via the uptake of CO2 and are also responsible for the direct and 

indirect release of trace gases that influence atmospheric chemistry and radiative properties. Certain 

phytoplankton groups produce dimethylsulphonopropionate (DMSP) which, when released into the 

water, is converted to dimethylsulphide (DMS), a trace gas that has been linked to aerosol formation 

and mooted as a key factor influencing cloud cover over the ocean. Future ocean acidification and 

warming may alter this potential feedback, both indirectly through their impact on phytoplankton 

species composition, and also directly via changes in processes. We have measured DMSP in three 

mesosocosm experiments in which temperature and pH have been manipulated to future projected 

values as part of the CARIM project. These experiments have identified changes in phytoplankton 

speciation and DMSP related to treatments, with DMS also exhibiting treatment-specific effects in 

the most recent experiment. The results will be compared with international studies and assessed in 

the context of future climate feedback. 

Changes in phytoplankton community and particle size distribution during a mesocosm study on 
ocean acidification and warming – results from a FlowCam measurement 
 

 
Q. Luan1,4, K. Safi2, M. Gall1, C. S. Law1,3 
1 NIWA Wellington, Wellington, NZ 
2 NIWA Hamilton, Hamilton, NZ 
3 Department of Chemistry, University of Otago, Dunedin, NZ 
4 Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, China 
 
Future climate change will dramatically influence on the oceanic carbon production, sequestration 
and biogeochemical cycle by altering the phytoplankton community structure, species diversity and 
regional distribution patterns, which have been clarified in either evolutional experiments or model 
simulations. To real-time monitor the response of natural mixed phytoplankton community to 
projected ocean acidification (OA) and warming in 2100 and 2150, a FlowCam technique was applied 
to a 22-days mesocosm experiment using Evans Bay seawater in spring 2017. Fresh subsamples from 
each bags were collected on every morning, followed by immediate settling and run on the FlowCam, 
with an optical combination of 300FC*10× focusing on particles larger than 2μm. Preliminary results 
showed that the phytoplankton evolved from a diverse community with various-sized cells to single 
or a few taxa dominated community with smaller individuals in mesocosms. Species diversity and 
evenness become worse in treatments. Centric diatoms, such as Chaetoceros spp. and Skeletonema 
spp., declined and even extinguished in the treatments, while Pennate diatoms flourished over OA 
and warming effects, with Nitzschia spp., Thalassionema spp. and Pseudo-nitzschia spp. as 
predominant forms. Small flagellates (~5μm) and dinoflagellate Gymnodinium spp. gradually thrived 
in controls and treatments respectively, during second half of the time course. At the end of the 
experiment, nano-sized particle fraction contributed an average 79% of volume and was dominated 
by N. closterium in treatments. In short, ocean acidification and warming will accelerate the 
phytoplankton species succession, causing marked shifts in community structure and size distributions. 
 

 

  



The 11th New Zealand Ocean Acidification Workshop 13-14th February 2018 

18 
 

The cost of living in coastal environments: physiological responses of blue mussels (Mytilus edulis) 

to variable compared to static seawater pH 

 

Stephanie Mangan1,2, Ceri Lewis1, Helen Findlay3  
1 University of Exeter, England 
2 University of Waikato, New Zealand 
3 Plymouth Marine Laboratory, England 

 

Coastal species live in highly dynamic environments, where large natural fluctuations of pH, 

temperature, salinity and oxygen can occur on multiple time scales. Recent observations have 

revealed that naturally occurring variability can result in current seawater pH conditions exceeding 

OA predictions for the end of the 21st century, with deviations of up to one unit. This study 

compared the physiological responses of blue mussels (Mytilus edulis) to static or variable seawater 

pH regimes. Static pH values were chosen to represent both current (pH 8.10) and predicted future 

ocean pH levels (pH 7.70) with the two variable pH regimes cycling around these two static values 

(between pH 8.20 - 7.70 and pH 8.10 – pH 7.30). After 2 weeks, mussels under both variable pH 

conditions had significantly higher metabolic rates, antioxidant enzyme activities and lipid 

peroxidation than those exposed to static pH. Static near-future pH conditions induced significant 

acid–base disturbances and lipid peroxidation compared with the static present-day conditions but 

did not affect the metabolic rate. These results suggest that living in naturally variable environments 

is energetically more expensive than living in static seawater conditions, which may alter our 

approaches to extrapolating future OA responses in coastal species. 

 

 
Changing Ocean Biological Systems (COBS): How will biota respond to a changing ocean? 
 
Christina M. McGraw1, Jon N. Havenhand2, Katharina E. Fabricius3, Peter W. Dillingham4, Catriona L. 
Hurd5, Philip W. Boyd5 
1 Department of Chemistry, NIWA/University of Otago Research Centre for Oceanography, University 
of Otago, New Zealand 
2 Department of Marine Sciences, University of Gothenburg, Sweden 
3 Australia Institute of Marine Science, Cape Cleveland, Australia 
4 Department of Mathematics and Statistics, University of Otago, New Zealand 
5 Institute for Marine and Antarctic Studies, University of Tasmania, Australia 
 

Scientific Committee on Oceanic Research (SCOR) working group 149 (https://scor149-ocean.com/) 

is developing resources to help researchers studying complex multi-stressor scenarios. To achieve 

better alignment of research efforts across this multidisciplinary community, we are publishing a 

series of open access articles, co-ordinating interdisciplinary sessions at international conferences, 

mentoring early career scientists, and developing a multi-stressor Best Practice Guide. This 

presentation will focus on the three-tiered Best Practice Guide: (1) an evolving electronic book and 

iterative decision support tool to guide marine change researchers through the permutations of 

multi-stressor experiments, (2) web-based ocean acidification simulation software, which allows 

simultaneous simulation of multiple stressors (e.g. warming and ocean acidification and 

deoxygenation) and (3) video tutorials from experts in the field to provide in-depth information 

about the more challenging aspects of multi-stressor experiments (e.g. experimental design, 

developing driver inventories). 

 

 

https://scor149-ocean.com/


The 11th New Zealand Ocean Acidification Workshop 13-14th February 2018 

19 
 

Telling the ocean acidification story 

 
Victoria Metcalf 

 
Talking about ocean acidification science can be challenging enough scientist to scientist due to the 
complicated nature of the chemistry of ocean acidification and the complexity of the biological 
impacts on ecosystems. How do we scientists effectively tell the ocean acidification story to the 
publics? I’ll provide some strategies and tips for ensuring that when we communicate about ocean 
acidification that we do it well. 
 
 
Copepod grazing and selectivity on natural prey communities during a high-temperature, low-pH 
mesocosm experiment 

 
Morgan Meyers1, Moira Décima2, Qingshan Luan2,3, Linn Hoffmann1, Steve Wing1 
1University of Otago, 362 Leith St, North Dunedin, Dunedin 
2National Institute of Water and Atmospheric Research (NIWA), 301 Evans Bay Parade, Greta Point, 
Wellington 
3Division of Fishery Resources and Ecosystem, Yellow Sea Fisheries Research Institute, Chinese 
Academy of Fishery Sciences, Qingdao 266071, China 

 
Copepod grazing can have significant top-down control on phytoplankton biomass and assemblage 
composition, which can ultimately shape higher trophic level dynamics. Though copepods have 
largely been thought tolerant of ocean acidification, previous findings suggest future ocean 
conditions may affect copepod feeding behavior both directly (e.g. via changes in metabolic 
demands) and indirectly (e.g. via changes in prey nutritional quality). To assess the effect of ocean 
acidification and warming on copepod grazing and feeding selectivity, we employed 24-hour feeding 
incubations using copepods and natural prey communities under conditions predicted for years 2100 
(+2.6°C, -0.33pH) and 2150 (+4.5°C, -0.5pH) during a 21-day mesocosm experiment. Here I will 
discuss preliminary data from the incubations and upcoming plans for this research.  
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Trace metal incorporation into bivalve shell in an acidified ocean 
 
C. Norrie1, B. Dunphy2, N. Ragg3, C. Lundquist1,4 
1University of Auckland Institute of Marine Science 
2University of Auckland School of Biological Sciences 
3Cawthron Institute, Nelson 
4NIWA Hamilton 
 

Trace elemental analysis of biogenic calcium carbonate (CaCO3) structures can provide information 

on the water in which they were formed. This information has primarily been applied to determine 

animal movements and as proxies for climatic conditions at the time of formation. Changes in 

seawater chemistry due to ocean acidification are likely affect how elements are incorporated into 

CaCO3 structures. In this study we examined the effect of a decrease in pH on the incorporation of 

trace elements into the shell of the green lipped mussel (Perna canaliculus). 12 elements in mussel 

shell were analysed. Lithium, nickel, cobalt and, titanium concentrations in shell material were 

shown to be influenced by pH. Other elements which have been previously been useful in 

determining movement patterns were not found to be affected by pH changes. The suite of 

elements unaffected by pH may allow the location at which carbonate structures are formed to be 

inferred whilst, the elements which reflect seawater carbonate chemistry may allow climatic 

reconstruction of the seawater pH at that location. 

 
 
Prolonged exposure of adult mussels (Perna canaliculus) to elevated pCO2 influences offspring 

performance 

  
Norman Ragga, Bridget Finniea, Carol Peychersa, Emily Frostb, Joanna Copedoa, Jennifer Juryb, Natalí 
Delormea, Caitlin Fieldera, Thalassa Kawachia, Zoë Hiltona 
aCawthron Institute, Nelson, New Zealand 
bUniversity of Auckland, Auckland, New Zealand 

 

A critical factor in understanding the implications of increasing ocean acidification upon marine 
calcifiers is to establish the trans-generational effects of prolonged exposure and acclimation upon 
subsequent generations. The Coastal Acidification, Rate, Impacts and Management (CARIM) 
programme has identified the Greenshell mussel, Perna canaliculus, as a sentinel species, reflecting 
its commercial, cultural and ecological importance to New Zealand. Adult mussels from the 
Cawthron selective breeding programme were retrieved from long-lines in the Marlborough Sounds 
and transferred to holding systems receiving abundant microalgae (>25 cells µL-1) and pCO2 

maintained at either 400 (control), 850 or 1100 µatm (n=3). After 4 months of acclimation, mussels 
were induced to spawn by thermal shock and gametes fertilized in filtered seawater containing 
12µM EDTA and adjusted to 400 or 1100 µatm CO2. Embryo survival, development stage and size of 
prodissoconch I shell was assessed 48h post-fertilization. The spawning and larval competency 
assessment trial was then repeated 10 months later, following a complete gametogenic cycle. Adult 
pCO2 environment had minimal effect on embryo performance under control pCO2, with 85 – 88% of 
individuals successfully reaching the feeding D-veliger stage within 48h. Incubation in elevated pCO2 

reduced control veliger yields by around 28%, whereas larvae derived from adults acclimated to high 
pCO2 were more resilient, with mean yield reductions of 18 – 21%. Egg composition analysis is 
underway and expected to reveal whether improved performance derives from increased maternal 
provisioning or an epigenetic conferral of resilience resulting from the adults’ acclimation 
environment. 
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Biogeochemical ROMS modelling of NZ Shelves for Present Day and Future States 
 
Helen Macdonald1, Mark Hadfield1, David Plew2, Graham Rickard1, John Zeldis2, Katja Fennel3 
NIWA, 1Wellington and 2Christchurch, New Zealand 
3Dalhousie University, Halifax, Nova Scotia, Canada 

 
Hydrodynamic ROMS simulations of present day Greater Cook Strait and Hauraki Gulf now include 
the ROMS biogeochemical component developed by Katja Fennel, enabling carbon cycling to be 
simulated alongside the plankton and benthic coupling components. These shelf seas models 
complement our open ocean biogeochemical models, thereby providing estimates of system-wide 
carbon cycling as well as cross-shelf fluxes. The aims of the shelf seas modelling are to (i) show that 
the model can reproduce seasonal cycles of growth and decay compared to the observations, (ii) 
show that the observed historical trends can also be reproduced, and in doing so (iii) learn how 
useful such models are for integrating the carbon cycle changes in such systems. Successful 
evaluation of (i) to (iii) will enable a measure to be placed on future model projections of these 
systems using anticipated forcing fields over the coming century. Such model output can then be 
used to look at potential impacts on the broader ecosystem (and consequent services) as changes 
from land-use (through riverine inputs) and atmospheric carbon dioxide drive material, nutrient, and 
oxygen cycles to respond.  We will discuss the appropriateness of the modelling for our systems, 
the  setting up of a one-dimensional framework for biogeochemical parameter optimization and 
tuning, and the inclusion of code extensions to explicitly include the impacts of phosphate on the 
biogeochemical cycling (although not yet a limiting factor for our shelves). 
 
 
“Carbonate weather” in US. Atlantic Seaboard estuarine/coastal systems in a regime of carbonate 
climate change 
 
Elisabeth Sikes, Daphne Munroe, Grace Saba, and John Wilkin 
Marine and Coastal Sciences, Rutgers University, New Jersey, United States  
 

In coastal and estuarine regions, where the CO2-system is influenced by the additive effects of local 

natural and anthropogenic processes on top of global inputs, local factors cause enhanced 

“carbonate weather” events; more episodic and relatively extreme excursions in pH and dissolved 

inorganic carbon concentrations than are seen in the open-ocean. Carbonate weather amplifies 

global ocean acidification (OA) stresses on coastal and estuarine ecosystems, in particular affecting 

calcifying organisms such as oysters, which are key species in these systems in the United States. 

Coastal Ocean Acidification (COA) on the Atlantic coast has only recently been recognized by the 

science and stakeholder communities as a hazard. Evidence indicates that meteorological weather 

events can trigger carbonate weather events in nearshore regions such as river discharge, 

eutrophication, watershed perturbations, and upwelling of low-pH marine waters. The threat to 

shellfish aquaculture on the US East Coast from COA geochemical stresses adds to existing 

pathogenic and socioeconomic pressures. High-resolution models of coastal and estuarine physics, 

upwelling and runoff, directly coupled to biogeochemistry, and incorporating new geochemical data, 

could be used to inform the ecosystem effects of coastal/estuarine OA. The design and assessment 

of useful coupled biogeochemical-physical COA models requires coordinated observations such as 

those being developed within the Mid-Atlantic Coastal Acidification Network (MACAN). 
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Effect of sample preparation and storage of biomineral carbonate on measurements of mineralogy 
and stable isotopes 

 
Abigail M Smith1, Marcus M Key Jr.2, Anna Righi1, Jeffrey S. Forrester3, Jennifer Loxton4 
1Department of Marine Science, University of Otago, P.O. Box 56, Dunedin 9054, New Zealand 
2Department of Earth Sciences, P.O. Box 1773, Dickinson College, Carlisle, Pennsylvania 17013-2896, 
United States of America 
3 Department of Mathematics and Computer Science, P.O. Box 1773, Dickinson College, Carlisle, PA 
17013-2896, United States of America 
4School of Geosciences, University of Edinburgh, Edinburgh, Scotland, EH9 3FE United Kingdom 

 
Scientists commonly collect living organisms in order to study the geochemistry of their shells, using 
techniques such as x-ray diffractometry and mass spectrometry.  Standard sample preparation can 
include cleaning, bleaching, preservation and storage. Our research group has been working on the 
effect of common sample preparation techniques on geochemical measurements of temperate 
invertebrate skeletal carbonate.  Here we report on the most important results from a series of 
studies (see references below). 

 
Rinsing with deionised water had no detectable effect on samples unless no subsequent bleaching 
was used, in which case some dissolution did occur.  Tap water is recommended. Roasting of 
specimens to remove organic carbon caused dramatic changes in both mineralogy and stable 
isotopes and cannot be recommended. Bleaching with sodium hypochlorite, especially at low 
concentrations and for short times, resulted in no changes in mineralogy or stable isotopes.  High 
concentrations of bleach, and oxidation using H2O2, resulted in sample dissolution and the leaching of 
Mg from high-Mg samples.  H2O2 had a significant effect on ∂18O stable isotope concentration. It 
appears that the chemical removal of organic material is not generally necessary. Ultrasonication, 
and the concomitant heating, of samples resulted in the loss of Mg and skeletal material generally, 
especially from high-Mg specimens.  The combination of ultrasound with bleaching (a common 
shortcut) is even worse. A new study on the effect of storage in fluid (seawater, ethanol, formalin) is 
underway. In order to examine longer-term effects of storage, we have been examining museum 
collections; this collection is ongoing and we would be glad to hear of material we have missed. 
Sample preparation and storage can have considerable effect on subsequent chemical 
investigations, and must form part of research planning as well as sample labelling. 
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From science to action- U.S. west coast sounding the alarm bells and building an international 
collaborative to address ocean acidification   
 
Jessie Turner1 and Julie Horowitz2 
1International Alliance to Combat Ocean Acidification 
2Washington State Governor Jay Inslee's Office 
  
In 2016, three west coast states and the province of British Columbia, launched the International 
Alliance to Combat Ocean Acidification (OA Alliance), a network of governments and organizations 
that together address ocean acidification and other threats from changing ocean conditions. The OA 
Alliance was established in direct response to the impact of ocean acidification to oyster hatchery 
production that was felt across the West Coast, and to motivate governments to proactively respond 
to impacts of ocean acidification on coastal communities and livelihoods.  OA Alliance members are 
working together to elevate the issue of ocean acidification and develop OA Action Plans that 
contain practicable, implementable steps to mitigate causes, to adapt to unavoidable change and to 
build resiliency in marine ecosystems and the coastal communities impacted by changing ocean 
conditions. The OA Action Plan toolkit provides members with examples and suggestions on a 
strategic process for getting started on the creation OA Action Plans.  As a precursor to the OA 
Alliance, Washington state formed a diverse panel of experts and stakeholders in 2012 to create an 
OA action plan.  The plan detailed concrete address ocean acidification and was   there have been 
significant scientific advances and progress on the recommended actions.   Five years later, 
Washington updated the strategy with a companion report that expands upon the 2012 work.  
 

Actions within the companion report fall under six overarching categories:  

1. Reducing carbon emissions 
2. Reducing local land-based contributions  
3. Increasing our ability to adapt to and remediate the impacts of ocean acidification  
4. Investing in monitoring and investigations 
5. Informing, educating and engaging stakeholders, the public and decision makers  
6. Maintaining a sustainable and coordinated focus on ocean acidification. 
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Effects of excess CO2 on benthic primary production and inorganic nitrogen fluxes in two coastal 
sediments 

 
Kay Vopel1, Cintya Del-Río1 and Conrad A. Pilditch2 
1School of Science, Auckland University of Technology 
2School of Science, University of Waikato 

 

Ocean acidification may alter the cycling of nitrogen in coastal sediment and so the sediment–

seawater nitrogen flux, an important driver of pelagic productivity. To investigate how this 

perturbation affects the fluxes of NOX
– (nitrite/nitrate), NH4

+ and O2, we incubated estuarine sand and 

subtidal silt in recirculating seawater with a CO2-adjusted pH of 8.1 and 7.9. During a 41-day 

incubation, the seawater kept at pH 8.1 lost 97% of its NOX
– content but the seawater kept at pH 7.9 

lost only 18%. Excess CO2 increased benthic photosynthesis. In the silt, this was accompanied by a 

reversal of the initial NOX
– efflux into influx. The estuarine sand sustained its initial NOX

– influx but, by 

the end of the incubation, released more NH4
+ at pH 7.9 than at pH 8.1. We hypothesise that these 

effects share a common cause; excess CO2 increased the growth of benthic microalgae and so 

nutrient competition with ammonia oxidising bacteria (AOB). In the silt, diatoms likely outcompeted 

AOB for NH4
+ and photosynthesis increased the dark/light fluctuations in the pore water oxygenation 

inhibiting nitrification and coupled nitrification/denitrification. If this is correct, then excess CO2 may 

lead to retention of inorganic nitrogen adding to the pressures of increasing coastal eutrophication. 
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Diatom and coccolithophore assemblages from “time capsule” sediment trap records; distinctions 

north and south of Chatham Rise. 

 
Jessica V. Wilks1, Scott Nodder2, Andrés Rigual Hernández3, Glenn Brock1 and Leanne Armand4. 
1Department of Biological Sciences, Macquarie University, North Ryde, NSW 2109, Australia. 
2National Institute of Water and Atmospheric Research, Hataitai, Wellington 6021, New Zealand. 
3Department of Geology. Universidad de Salamanca, Salamanca 37008, Spain. 
4Research School of Earth Sciences, The Australian National University, Canberra, ACT 0200, 
Australia. 

 
The Chatham Rise supports some of New Zealand’s most economically and environmentally valuable 

fisheries species, fuelled by the high-nutrient waters and phytoplankton communities of the 

Subtropical Front. New Zealand waters are experiencing changes driven by increasing atmospheric 

CO2, such as ocean warming, shallowing of mixed layer depths and ocean acidification (OA), which 

affects carbonate precipitation and nutrient availability. Changes to phytoplankton community 

structures are predicted. Two key groups, diatoms and coccolithophores, contribute significantly to 

global carbon export, and exhibit diverse responses to OA. However, relatively little is known about 

the export and seasonality of these phytoplankton in the New Zealand region. This study reports on 

a “time-capsule” sediment trap record of phytoplankton assemblage composition and seasonality 

for one year, at two oceanographically distinct regions, north and south of the Chatham Rise. Diatom 

and coccolithophore assemblages were characterised at 300 and 1000m depths, and reflect the 

influence of different water masses over each site. North of the rise, most particulate organic carbon 

(POC) export was associated with diatoms. Coastal and benthic diatoms comprised ~40% of 

assemblages in northern sediment traps, suggesting distant particle input, possibly due to the 

nearby Wairarapa Eddy. South, the bulk of diatom flux occurred during a 16-day “pulse” event 

dominated by the iron-storing diatom Pseudo-nitzschia, although POC export was related to 

coccoliths, possibly via ballasting of carbon-rich particles. This study provides a baseline of 

phytoplankton assemblages to the north and south of Chatman Rise, against which current and 

projected changes in environmental parameters can be assessed. 
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Contrasting catchment loading and net ecosystem metabolism in four New Zealand bays: 

implications for coastal management 

 
John Zeldis  

NIWA Christchurch, New Zealand 
 

Nutrient mass-balance analyses are presented for Golden Bay and Tasman Bay (Nelson Bays), 

Hauraki Gulf and Firth of Thames (New Zealand) and it is shown how the results can inform regional 

resource management. Seasonal budgets of freshwater inputs and their inorganic and organic 

nitrogen (N) and phosphorus (P) loads were balanced with levels of salt, N and P from ocean surveys, 

to determine conservative and non-conservative carbon and nutrient fluxes. The budgets provided 

useful inventories of catchment (atmospheric, river, groundwater, wastewater) and oceanic nutrient 

inputs. For Nelson Bays and Hauraki Gulf, exchange with adjacent shelf waters was usually the 

dominant nutrient source (~80-85% of total loads). In contrast, N loads to Firth of Thames were 

dominated by large catchment inputs (~65-100%) and included significant proportions of organic N. 

Denitrification was shown to be a critical ecosystem service in all systems and its efficiency may be 

decreasing in the Firth. Net ecosystem metabolism (NEM: balance of autotrophy and heterotrophy) 

of Nelson Bays and Hauraki Gulf was usually nearly balanced, suggesting they may not routinely 

exhibit stressors associated with strong heterotrophy (acidification, O2 depletion). In contrast, Firth 

of Thames NEM was highly heterotrophic in autumn and winter, consistent with its expression of 

high pCO2, low pH and low O2. Understanding variability in open-ocean dynamics of Nelson Bays and 

Hauraki Gulf will be essential for predicting their ecosystem services, whereas it is clear that 

management of catchment water quality inputs will be most effective in sustaining Firth of Thames 

ecosystem health. 
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